Introduction
Drug-resistant bacteria (DRB), such as methicillinresistant Staphylococcus aureus (MRSA) and Pseudomonas aeruginosa, are traditionally implicated in nosocomial infection. These organisms are increasingly isolated in patients with pneumonia presenting to the emergency departments (ED) because of diffusion of healthcare service outside the hospital. 1, 2 Healthcare-associated pneumonia (HCAP) differs from community-acquired pneumonia (CAP) in terms of demographics, microbiology and outcomes. Risk factors for drug-resistant bacterial pneumonia consist of recent hospitalization, recent antibiotic use, immunosuppression, nursing home residence, home infusion therapy, chronic dialysis and chronic wound care. The American Thoracic Society/Infectious Diseases Society of America guidelines recommend that empirical broad-spectrum antibiotics should be considered in patients with these risk factors. 3 The guidelines, however, may not be applicable in clinical practice. First, the majority of pneumonia in older patients was caused by unknown etiology or viruses. 4 Second, HCAP is a group of heterogeneous diseases and broad-spectrum antibiotics are not necessarily indicated in all patients. 5 Third, previous studies revealed that DRB were the most frequent bacterial isolates in older patients with severe pneumonia requiring intensive care. 6, 7 However, their importance in non-severe nursing homeacquired pneumonia (NHAP) is not yet certain. A retrospective study showed that antibiotic therapy in compliance with the 2003 CAP guidelines and 2005 HCAP guidelines achieved comparable time to clinical stability and mortality in NHAP. 8 Older people represent the majority of patients hospitalized with pneumonia. 9 It is of paramount importance for clinicians to identify older patients, especially those residing in nursing homes, who may be at risk of drug-resistant bacterial pneumonia. This study aimed to investigate the infective etiologies and identify the risk factors for DRB in the Chinese older patients hospitalized with pneumonia.
Materials and methods

Study design and study patients
This was a prospective, observational study conducted at the Prince of Wales Hospital, which was the teaching hospital of the Chinese University of Hong Kong, from January 2004 to June 2005. Consecutive adult patients (518 years), who presented to the ED with pneumonia, were enrolled. Patients were excluded if they had been hospitalized within the previous 14 days or were transferred from another hospital because they should be treated with antibiotics with nosocomial coverage. The following data were recorded: demographics, comorbidity, symptoms, clinical parameters, radiographic findings, laboratory results and clinical outcomes. Premorbid functional status was assessed by the Modified Functional Ambulation Category and was categorized as full independence (independent walker), partial dependence (walk with aids or under supervision) or total dependence (chairbound or bedridden). 10 Written consent was obtained from the patients or their proxy. The study was approved by the Research Ethics Committee of the hospital. We performed subgroup analysis on older patients aged 565 years.
Study definitions
Pneumonia is represented by an acute infection of the pulmonary parenchyma, associated with the presence of symptoms and signs of lower respiratory tract (LRT) infection and new abnormal infiltrates on chest radiographs. All the chest radiographs were interpreted by senior radiologists who were blind to the clinical information. The final conclusion was reached by consensus. All the study patients were assessed by a specialist in emergency medicine before admission, and by a specialist in respiratory medicine or infectious diseases before discharge. The final diagnosis was confirmed by a respiratory physician on the basis of clinical, radiological and laboratory results. Risk factors for DRB comprised hospitalization for 52 days in the preceding 90 days, recent antibiotic use in the preceding 90 days, immunosuppression, nursing home residence, home infusion (including antibiotic) therapy, chronic dialysis within 30 days and chronic wound care. Immunosuppression was defined by the presence of one or more of the following conditions: acquired immunodeficiency syndrome, active solid or hematological malignancy undergoing chemotherapy or radiotherapy, neutropenia (<1 Â 10 9 /l), autoimmune diseases, splenectomy and chronic systemic steroid therapy (prednisolone 510 mg/day for 4 weeks).
DRB comprised MRSA, P. aeruginosa, extendedspectrum b-lactamase (ESBL) producing Enterobacteriaceae and multidrug-resistant Acinetobacter baumannii. Broad-spectrum antibiotics were those directed against these bacteria, i.e. vancomycin, anti-pseudomonal penicillin or cephalosporin antibiotics, carbapenem antibiotics and colistin.
The presence of drug-resistant bacterial pneumonia was the clinical outcome.
Microbial investigation
The details of microbial investigation are described elsewhere. 11 In brief, nasopharyngeal aspirate (NPA) was collected for respiratory viruses, sputum and peripheral blood for bacterial culture and paired serology for atypical pathogens (AP) and viruses. Urinary antigen tests for Streptococcus pneumoniae and Legionella pneumophila serogroup 1 were also carried out.
An etiological diagnosis was established if significant pathogens were isolated from sputum, blood or NPA, if serological tests showed evidence of acute infection or if urinary antigen test was positive. A positive IgM or a four-fold rise in titre for APs or viruses was regarded as evidence of acute infection.
Statistics
Baseline characteristics of the study population were presented with continuous variables as mean AE standard deviation (SD) and categorical variables as number (%). The bacterial pathogens were described. We compared patients with and without established etiological diagnosis and those with and without drug-resistant bacterial pneumonia. Categorical variables were analyzed by 2 or Fisher-exact test and continuous variables by independent t-test. Variables with P 4 0.05 were then entered into logistic regression, using the forward stepwise method, to identify independent predictors of drug-resistant bacterial pneumonia. In the logistic model, goodness-of-fit was evaluated by the Hosmer-Lemeshow test and interactions between terms were tested. All tests were two-tailed and P 4 0.05 was considered statistically significant. All analyses were conducted with SPSS software, version 21.0 (SPSS, an IBM company).
Results
Etiological diagnosis
The entire cohort consisted of 1176 consecutive older patients. Sputum samples were collected for routine and mycobacterial cultures in 728 (61.9%) and 419 (35.6%) patients, respectively. NPA samples were collected in 853 (72.5%) patients. Blood culture and paired serological tests were done in 1019 (86.6%) and 1088 (92.5%) patients, respectively. Urinary antigen tests for S. pneumoniae and L. pneumophila serogroup 1 were carried out in 218 (18.5%) patients.
Etiological diagnoses were established in 472 (40.1%) patients: bacteria 252 (21.4%), virus 110 (9.4%), mixed bacteria/virus 51 (4.3%), mixed bacteria 51 (4.3%) and mixed viruses 8 (0.7%). Table 1 shows the comparison between patients with and without pathogens identified. Etiological diagnosis was less likely to be established in those who lived in nursing homes or had a history of cerebrovascular accident and more likely in those with a history of chronic obstructive pulmonary diseases. The differences in plasma sodium and urea levels between the two groups did not imply any clinical relevance. Table 2 summarizes the bacterial pathogens. No L. pneumophila was detected in urinary antigen test.
Of the 354 patients with bacterial pneumonia, DRB were detected in 48 cases. These pathogens included P. aeruginosa (41), MRSA (5), ESBL-producing Gram-negative bacilli (GNB) (3) . All the Pseudomonal isolates were sensitive to first-line anti-pseudomonal penicillin or cephalosporin antibiotics. One sputum culture yielded both P. aeruginosa and MRSA. ESBL-producing GNB were grown in the sputum cultures of three patients: Enterobacter spp. (2) and Klebisella pneumoniae (1) . No Carbapenem-resistant Enterobacteriaceae was detected. Isolated AP infections occurred in 115 patients. If these patients were excluded from the denominator, the prevalence of DRB in culture-positive pneumonia, i.e. diagnosed by either sputum or blood samples, was 20.1% (48/239).
Risk factors for pneumonia caused by DRB Table 3 A small number of patients with MRSA infection limited further analysis on the risk factors for MRSA pneumonia.
Discussion
Our study shows that the prevalence of DRB in older patients with pneumonia is low and nursing home residence is not a risk factor. The predictors of drugresistant bacterial pneumonia are bronchiectasis, recent hospitalization and severe pneumonia.
This study was conducted 8 years ago and the pattern of antibiotic resistance may have changed since then. Nevertheless, another similar 1-year cohort study of our center in 2009-10 yielded comparable results. Recent hospitalization is a risk factor for DRB in culture-positive pneumonia, whereas nursing home residence is not, of which the prevalence of DRB was 22.6% (21/93). 4 In comparison with the United States (US) where the prevalence of DRB in culture-positive pneumonia is nearly 50%, [12] [13] [14] our studies consistently demonstrate that the prevalence of DRB is much lower and nursing home residence is not a risk factor in Hong Kong. This is attributed to the clinical practice in nursing homes in different healthcare systems. Hong Kong follows the United Kingdom in governing nursing homes. All homes for the aged, which provide nursing care of different levels, are officially termed Residential Care Homes for the Elderly (RCHE). They provide residential care, personal care, regular basic medical and nursing care and social support for the older people who cannot live at home even with domiciliary support. Invasive medical therapies, including intravenous fluid and antibiotics, are rarely delivered in RCHEs unless they are supervised by on-site registered nurses with the prescription of medical practitioners. Furthermore, death in RCHEs is a rare occurrence because it leads to the criminal investigation by the Police and referral to the Coroner's court. Older patients are usually hospitalized if they are critically ill or can no longer be cared in RCHEs. This limits the diffusion of healthcare service from the in-patient to out-patient settings, apart from the nursing care of chronic wound and tubes. This explains why our patients living in RCHEs are not particularly vulnerable to infection with resistant pathogens. However, longterm care facilities in the US may harbor more risk factors for resistant pathogens where invasive medical treatments are commonly delivered and death in nursing homes is promoted. Pseudomonas aeruginosa were the commonest (85%) isolates of DRB, whereas MRSA and ESBLproducing GNB were uncommon in this study, which was also consistent with the findings of another study by our group. 4 In contrast, MRSA is the most frequently isolated DRB in the US. [12] [13] [14] This illustrates the importance of pre-test probability in the pre-emptive treatment. With reference to the endemicity of DRB in their locality, physicians can choose the most appropriate empirical broad-spectrum antibiotic for patients who are at high risk of drug-resistant bacterial pneumonia. Furthermore, the predominance of P. aeruginosa as the resistant pathogen explains why bronchiectasis is the most significant risk factor for DRB.
Recent hospitalization is also an important risk factor for DRB, which is compatible with the findings of previous studies. [12] [13] [14] Similar to our studies, previous works on CAP also excluded patients who had been hospitalized in the recent 10-14 days because they should be treated with antibiotics with nosocomial coverage. [15] [16] [17] We propose this definition should be revised as hospitalization for 52 days in the recent 90 days in both clinical practice and future studies.
Previous studies reported that severe pneumonia, as indicated by intensive care unit (ICU) admission, was associated with DRB. 12, 18 On the contrary, our study showed that CURB-65 (score 53) was the only significant indicator. We believe that CURB-65 (score 53) is a better indicator than ICU admission because the former is based on objective clinical assessment and laboratory investigations, whereas the latter is subject to hospital policy, triage criteria and patients' preference. Furthermore, older patients may be at a disadvantage when competing with younger adults for ICU admission as a result of resource limitation. We prefer the CURB-65 score to the Pneumonia Severity Index because the former is easier to be used in the clinical setting.
The strengths of our study include its large sample size, prospective design and robustness. The chest radiographs were reviewed by senior radiologists and the diagnosis of pneumonia was confirmed by specialists in respiratory medicine. With the exception of sputum mycobacterial culture and urinary antigen tests, all microbial tests were done in more than half of the study patients. Urinary antigen tests were ordered in a small number of the study subjects because of financial constraint. Meanwhile, our study has few limitations. Positive sputum culture might represent bacterial colonization of the upper respiratory tract instead of genuine LRT infection. However, it is difficult to obtain secretion from the LRT in older patients, in particularly those who are frail with multiple co-morbidities, for microbial analysis in the routine practice. It is a single-center study, of which the results may not be generalizable to other centers in Hong Kong and other countries. Furthermore, our study comprised hospitalized patients, which were more likely to have severe pneumonia and co-morbidities. The results may not be generalizable to those managed in the outpatient setting. The small number of patients with MRSA pneumonia limited further analysis on its associated risk factors. We did not use molecular tests, such as polymerase chain reaction, to detect atypical bacterial and viral pathogens.
Conclusion
The serial studies of our group reveals that recent hospitalization is the only risk factor for HCAP, which is shown to be associated with DRB. Nursing home residence is not a risk factor. In other words, NHAP need not be treated as nosocomial infection. The concept of HCAP, which is based mostly on the studies in the US, may not be totally applicable in our locality where the prevalence of drug-resistant pathogens is low.
